INTRODUCTION {#sec1-1}
============

More than half of adrenal incidentalomas consist of subclinical Cushing\'s syndrome (SCS) and nonfunctioning cortical adenoma (NFA) in recent studies.\[[@ref1]--[@ref3]\] SCS and NFA are often difficult to differentiate in the clinical setting. The diagnostic criteria for SCS have not been established yet, although several different criteria were used.\[[@ref3][@ref4]\] In addition, there is no consensus as to whether surgery is appropriate.\[[@ref5][@ref6]\] It is apparent that SCS has autonomous cortisol production when it is diagnosed using proper criteria. However, it is not clear that hypertension and diabetes mellitus can be caused by SCS and the benefit of surgical treatment has not been clarified.

NFA has no endocrinological activity and can be managed conservatively. However, in a few patients, an increase of tumor size occurs. In addition, hormonal activity becomes apparent during follow-up,\[[@ref7]\] which suggests that NFA has the potential to develop into subclinical or overt Cushing\'s syndrome.

In this study, we investigated the outcome of the surgical management and longitudinal assessment of patients with SCS and NFA to verify the validity of the diagnostic criteria and management strategy in our institution.

MATERIALS AND METHODS {#sec1-2}
=====================

This study included a total of 73 patients with adrenal incidentaloma who visited our institution from January 1995 to December 2008. All these patients were confirmed not to have primary aldosteronism or pheochromocytoma by evaluating the plasma renin activity, plasma aldosterone level and blood and urinary catecholamine levels. In addition, computed tomography (CT) revealed no findings suggestive of malignant tumors such as infiltration into surrounding tissue or distant metastases in the patients. Tumors with radiographic findings suggestive of myelolipoma, extraadrenal origin or concomitant active malignant disease in other organs were also excluded.

Endocrinological examinations for 73 patients consisted of serum adrenocorticotropic hormone (ACTH) and cortisol measurement in the morning, serum ACTH and cortisol circadian rhythm determination, and adrenocortical scintigraphy using ^131^I-6β-iodomethyl-19-norcholest-5(10)-en-3β-ol (NP-59). To determine the circadian rhythm of ACTH and cortisol, serum samples were obtained at 6:00 AM and 4:00 PM. The normal morning/evening ratio of ACTH and cortisol levels was defined as 1.33 or more. A dexamethasone suppression test was performed under oral administration of 1 mg of dexamethasone at 9:00 PM with measurement of serum cortisol at 4:00 PM before its administration and at 8:00 AM on the following day. Diagnosis of SCS was made according to the following criteria: Adrenal incidentaloma with lack of overt clinical features of Cushing\'s syndrome, normal basal cortisol levels, and serum cortisol levels higher than 3 μg/dL after 1 mg dexamethasone suppression. In addition, patients had to have at least one of the criteria consisting of suppression of plasma ACTH, loss of cortisol circadian rhythm, a decreased serum dehydroepiandrosterone sulfate level or unilateral visualization by adrenocortical scintigraphy.

We recommended adrenalectomy for patients with SCS of any size, and NFA with a diameter of 4 cm or larger, which was regarded as potential malignancy. In SCS patients, postoperative cortisol substitution was routinely done with regular monitoring of serum ACTH and cortisol levels, which was discontinued when intrinsic cortisol secretion was confirmed. To those with NFA smaller than 4 cm in diameter, we presented the options of surgical treatment or conservative management with periodical examinations including imaging studies and hormonal examinations every 6-12 months.

Concomitant diseases such as hypertension, diabetes mellitus and hyperlipidemia were also assessed. In patients who underwent adrenalectomy, changes in the condition of comorbidities after surgery were evaluated.

Continuous variables were compared using the Mann Whitney U test and categorized variables were compared using Fisher\'s exact probability test.

RESULTS {#sec1-3}
=======

Patients' characteristics are summarized in [Table 1](#T1){ref-type="table"}. Thirteen patients met our criteria for SCS. All of them underwent adrenalectomy except one patient who refused surgical treatment. Of the NFA patients, 21 (35.0%) underwent adrenalectomy. All of the adrenalectomies were performed laparoscopically with no perioperative complications. Histological examination proved no finding of malignancy in any of the resected tumors. In NFA patients who selected surveillance, the mean follow-up period was 51.2 months. There was no significant difference in age, sex, and tumor laterality between SCS and NFA. SCS showed significantly higher rates for all parameters of hormonal activity than NFA. In particular, SCS showed an extremely high positive rate for increased uptake in NP-59 scintigraphy and a low level of ACTH.

###### 

Characteristics of patients with subclinical Cushing\'s syndrome and nonfunctioning adenoma
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Mean tumor size was 34.6 mm in SCS patients, which was significantly larger than that of NFA (24.5 mm, *P*=0.0102). In addition, tumor size in SCS was rarely smaller than 20 mm \[[Figure 1](#F1){ref-type="fig"}\].
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Of the patients with SCS, hypertension was found in 7, diabetes in 2 and hyperlipidemia in 3. Among the patients with hypertension, the antihypertensive drug was withdrawn in one and dose reduction of the drug was successful in 4 after adrenalectomy. In all those with diabetes, glucose tolerance became improved after the operation. One of the patients became free of insulin injection and reduction of its dose was successful for another patient. Similarly, 60% of patients having hyperlipidemia showed improvement in control of low-density lipoprotein cholesterol and triglyceride. Postoperative cortisol substitution was done for all patients and could be discontinued in a mean period of 14.6 months (1.0-144.0) after the adrenalectomy.

On the other hand, for NFA, hypertension was improved only in one patient and no one showed any improvement in diabetes or hyperlipidemia \[[Table 2](#T2){ref-type="table"}\]. The improvement rate was significantly lower than for those with SCS.

###### 

Improvement of concomitant disorders after surgery
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During surveillance of NFA patients, 2 (5.1%) patients developed hormonal abnormalities \[[Table 3](#T3){ref-type="table"}\]. In Case 1, the latest examination showed a loss of circadian rhythm of serum cortisol, which was not observed at the initial examination 12 months earlier. In Case 2, examination 36 months after the initial presentation revealed suppression of cortisol after DXM 1 mg overnight and loss of circadian rhythm of serum cortisol with suppression of serum basal ACTH, which were confirmed by repeated measurement. In addition, hypertension became apparent. The patient was diagnosed as developing SCS; then underwent laparoscopic adrenalectomy with subsequent improvement of the hypertension.

###### 

NFA patients developing endocrine abnormalities
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Among the NFA patients who underwent conservative management, an increase in size of the tumor occurred in 1 (2.6%). The tumor grew from 26 mm to 46 mm, 10 years after the first examination, and the patient then underwent adrenalectomy. Histological examination revealed cortical adenoma without any findings suggestive of malignancy.

DISCUSSION {#sec1-4}
==========

Improvements in abdominal imaging techniques and technologies have increased the detection of adrenal incidentalomas,\[[@ref1]\] and SCS and NFA account for about half of them.\[[@ref8]\] The diagnostic criteria for SCS have not been established, so a differential diagnosis of SCS and NFA is often difficult in the clinical setting. Moreover, some cases of NFA show changes in hormonal activity during longitudinal assessment and may have the potential to develop into SCS.\[[@ref7]\] The dexamethasone suppression test is commonly employed as a screening examination for adrenal cortical function in incidentally discovered adrenal adenomas,\[[@ref8][@ref9]\] in addition to measurement of the basal serum levels and circadian rhythm of serum ACTH and cortisol. The American Association of Clinical Endocrinologist and American Association of Endocrine Surgeons (ACCE/AAES) guideline recommends a cutoff point of 5 μg/dl for the dexamethasone suppression test.\[[@ref9]\] We used the cutoff point of 3 μg/dl in this study, and the specificity of the test may have been lower. However, our diagnostic criteria included other parameters that supported the accuracy of the final diagnosis. The efficacy of NP-59 scintigraphy has also been reported\[[@ref10]\] and it is widely used. Grumbach *et al*.\[[@ref1]\] recommended that all patients with adrenal incidentaloma undergo the dexamethasone suppression test, irrespective of tumor size. On the other hand, of those with tumor sizes smaller than 20 mm, only one showed autonomous cortisol secretion in our series. In addition, most of those with SCS had a low ACTH level at baseline, with a cutoff level of 10 pg/ml in the morning. Exceptionally, 1 patient with a tumor 20 mm in diameter had an ACTH level of 12 pg/ml, but abnormal uptake in NP-59 scintigraphy. Our results suggest that we can rule out hormonally active tumors among those with sizes smaller than 20 mm by assessing the serum ACTH and cortisol levels at baseline and NP-59 scintigraphy in the outpatient setting. To conclude that, further studies with large numbers of patients are needed. Libe *et al*.\[[@ref11]\] reported that only 40% of SCS patients had a low ACTH level, with a cutoff level of 0.7 pmol/L (3.18 pg/ml). Its low sensitivity may be due to the strict criterion. In patients with adrenal incidentaloma, after pheochromocytoma and primary aldosteronism are ruled out, those with tumor sizes of 20 mm or larger in diameter or serum ACTH less than 10 pg/ml at baseline should undergo further detailed examinations such as the dexamethasone suppression test and determination of the circadian rhythm of serum ACTH and cortisol.

In treatment of SCS, the definite advantage of adrenalectomy over conservative management has not been determined.\[[@ref1][@ref8]\] However, several studies indicated that the surgery improved conditions associated with hypercortisolism such as hypertension, impaired glucose tolerance, and hyperlipidemia in some patients.\[[@ref12][@ref13]\] Moreover, some patients with SCS showed deterioration of these conditions during conservative management.\[[@ref6]\] Tauchmanovà *et al*. pointed out that chronic mild excess cortisol secretion might lead to an increased risk of cardiovascular disease.\[[@ref14]\] Our results also support the clinical benefits of adrenalectomy for SCS. In addition, adrenalectomy can be performed laparoscopically with very minimal invasiveness.\[[@ref15]\] Although postoperative steroid substitution is needed, it can be ceased within one year without any complications.\[[@ref2]\] On the other hand, in NFA patients, less benefit for cardiovascular and metabolic status was provided by surgical treatment. This may indicate the validity of our criteria to diagnose SCS.

For large nonfunctioning adrenal masses, surgical treatment is recommended due to their possible malignancy, but not for those smaller than 4 cm in diameter.\[[@ref1][@ref8]\] Our series included no adrenocortical carcinoma even in those with masses 4 cm or larger. In addition to the low incidence, adrenocortical carcinoma tends to have clinically overt hormonal activity or metastatic lesions,\[[@ref16]\] which may account for the rarity of adrenocortical carcinoma in incidentalomas. In the short term, surgical treatment seems to be less beneficial for NFA because there was little contribution to improvement of concomitant disease in our series. However, some of them showed growth and development of autonomous cortisol secretion subsequently.\[[@ref11][@ref17][@ref18]\] Long-term periodic radiographic and endocrinological examinations may be essential,\[[@ref8]\] although a definite interval and the time of completion of follow-up are difficult to establish.

CONCLUSIONS {#sec1-5}
===========

The results of this study suggest that we can omit routine detailed assessment other than basal hormonal examination in patients with adrenocortical adenoma smaller than 20 mm in diameter, which is unlikely to have autonomous cortisol secretion. For SCS, surgical resection is beneficial for the control of concomitant hypertension, diabetes and hyperlipidemia. Although NFA can be managed conservatively, long-term follow-up with periodic examinations may be necessary.
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